DEVELOPMENT of the reproductive system takes place throughout the prepuberal period, and may continue after puberty until full sexual maturity is reached. Some researchers consider that the onset of puberty is marked by full behavioral symptoms of estrus, particularly acceptance of the male, whereas others consider ovulation as the well-defined beginning of puberty. We will consider puberty to be initiated by the occurrence of both phenomena, as both events are minimal requirements for conception to take place naturally. Thus, the female at puberty has the ability to conceive but not necessarily to fully reproduce.
Ideally, to determine how much puberty may be advanced experimentally, untreated control groups should be included which are allowed to reach puberty under the same environmental conditions. However, much of the information on responsiveness of immature females to exogenous hormone treatment has resulted from experiments with different objectives, and comparisons often must be made with the ages or weights at which the same species is expected to reach puberty naturally. Therefore, brief consideration of prepuberal development is included.
Prepuberal Development in Cattle
There are many parameters that could be used to monitor rate of physiological development. Table 1 summarizes several changes in the heifer reproductive system prior to puberty and shortly after puberty. There is a rather steady growth of the reproductive system, paralleling generally body development up to about 6 to 8 months of age. The increase in pituitary size is mostly due to growth of the anterior pituitary gland (Desjardins and Hafs, 1968) . Pituitary FSH concentration decreases the first 2 months of life while LH concentration increases, reaching a peak when heifers are about 7 to 8 months of age. With the increased endocrine activity of the ovary associated with Department of Animal Science. 1 the onset of estrous cycles, striking development of the uterus occurs after about 8 months (32 weeks) of age.
Age of puberty is variable and first estrus is not always accompanied by ovulation. Morrow (1969) reported that in Holstein heifers first ovulation was accompanied by silent estrus in 74% of the cases and 13% of those in standing first estrus did not ovulate. First ovulation occurred, on the average, at 42 weeks in this study, whereas age at first estrus in Holstein heifers was observed at 30 weeks of age by Desjardins and Hafs (1968) . Level of nutrition (Sorensen et al., 1959) markedly affects age at puberty; first estrus on the average occurred at 37, 49 and 71 weeks in heifers fed a high, medium or low plane of nutrition. In addition, breeds, breeding systems and other management factors influence the age at which heifers achieve puberty.
Although the tubular portion of the reproductive tract may not develop its full potential for proper sperm transport and survival as well as for transport and nourishment of the young embryo until after puberty, there is no doubt that the oocytes are formed prenatally or neonatally. Erickson (1966) has shown that in the postnatal animal a high proportion of primary follicles become atretic after 6 months of age. Casida, Chapman and Rupel (1935) 
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well as vesicular follicles increases rapidly up to 2 to 3 months of age, and this number remains fairly uniform for several years. It is believed that the oocytes (eggs) which are ovulated in the postpuberal female come from these latter follicles. Thus, the sexually mature heifer draws on a store of about 240 germ cells during her reproductive life, according to Erickson (1966) .
Induced Ovulation and Superovulation in Calves
Among the potential advantages of ovulation and superovulation of such prepuberal animals is the opportunity to take advantage of the large supply of oocytes for use in embryo studies as well as potential transfer to reduce the generation interval before atresia takes a heavy toll . Apparently there has been little effort to look at precocious reproduction through maintaining pregnancy in the prepuberal animal by exogenous hormone therapy, because anatomically the small prepuberal heifer does not appear to have large enough machinery to deliver the finished product. This aspect of speeding up reproduction appears to be best accomplished by feeding for optimum growth (Sorensen et al., 1959) .
Considerable work has been done, however, on obtaining extra embryos by superovulating calves (see Foote and Onuma, 1970 for references). The following summarizes work, particularly in our laboratory; included are a series of unpublished experiments.
Initially various combinations and dosages of follicle stimulating hormone (FSH) or pregnant mares' serum (PMSG) with human chorionic gonadotropin (HCG) or luteinizing hormone (LH) were tried. The best response was obtained with PMSG and LH Onuma, Hahn and Foote, 1970) although Seidel, Larson and Foote (1971a) showed that FSH-LH could be used. The actual treatment schedule evolved was as follows: Day 1, 1,500 IU of PMSG intramuscularly; Day 6, 75 mg of LH intravenously; Day 7 and 8, insemination; Day 9, collection of embryos. Subsequent information will provide the basis for arriving at this treatment schedule. Hormone dosages were reduced for small animals. Somewhat similar treatment schedules have been described by Jainudeen, Hafez and Lineweaver (1966b) .
Superovulatory response was studied in 113 calves 0, 1, 2, 3 and 5 months of age. The average number of ovulations obtained from calves in the respective age groups was 0, 9.4, 28.2, 31.5 and 77.2. A poor response was obtained before the calves were 2 months old. Additional information is shown in table 2 (Larson, Seidel and Foote, 1971) . There was follicular development at 1 month, as shown by the increase in ovarian weight. Ovaries normally weigh 1 to 2 g at tliis age. At 2 months note the increase in uterine (endometrial) glands. Calves at 2 months of age were slaughtered 3,5,10,15 and 20 days after receiving LH. The increased ovarian size at 5 and 10 days post-LH was due to luteal tissue which had largely regressed by 20 days post-LH. The uterus and uterine glands developed, presumably in response to progesterone. Even untreated calves at 2 months of age showed uterine gland development as reported by Howe et al. (1964) , but not observed by Desjardins and Hafs (1969) until calves were 5 months of age. Many calves showed mounting behavior and lordosis 1.5 to 4.5 days after the PMS injection.
There was considerable variation among calves in response. In part this may be associated with the number of follicles present (Erickson, 1966) . To provide some clue regarding energy intake and ovulatory response, 14 calves were fed individually to 16 weeks of age (Onuma and Foote, 1969) on a medium and high level of nutrition. There was a 50% difference in carcass weight at slaughter, but no difference A majority of our experimental animals have been superovulated at 2 months of age as the earliest practical age to recover eggs. At this age (table 3), control calves had few large follicles, LH alone did not induce ovulation and PMSG caused extensive follicular development and sometimes ovulation. Seidel et al. (unpublished data) showed that FSH plus LH administered simultaneously gave results similar to PMSG. Avery, Fahning and Graham (1962) used an FSH-LH combination for cows, but gave FSH alone followed by LH to calves.
Time of recovery of young embryos after ovulation in calves appears to be important (table 4) not only because it is easier to recover embryos from the oviduct in non-slaughter experiments, but also because the immature heifer tract appears to be hostile to the developing embryo. More degenerating embryos were found 5 days after LH injection as compared to 3 days and no further development had taken place between 3 and 5 days. Thus, it appears that this was not simply an arrested condition, or diapause, due to the lack of steroid, but possibly certain proteins and other vital secretions were lacking in the oviduct and uterus.
Supplemental steroids, progesterone and/or estradiol-17/3 benzoate, following the PMSG injections were tested. Intramuscular injections of 50 mg of progesterone 4 and 2 days before PMSG, and 10 mg of estradiol-17/3 4 days after 3 PMSG were tested. Progesterone appeared to speed embryo transport, as 92% of the embryos with progesterone treatment were found in the uterus vs. 23% for the controls. Estradiol inhibited follicular growth and increased the proportion of cleaved ova (P < .05). Seidel et al. (1971a) also observed the same effects with 10 mg of estradiol-17/3 given 3 days after PMSG. Fertility results with superovulated young calves generally have been low (Avery and Graham, 1962; Foote and Onuma, 1970; Jainudeen et al, 1966b; Lineweaver and Hafez, 1970) . However, by introducing semen directly into the uterus and using liquid (unfrozen) semen fertilization rates can be quite satisfactory (table 5) . A duckbill type speculum, long forceps to retract the cervix and an inseminating rod slightly curved at the tip facilitated uterine insemination. Frozen sperm do not survive as well as unfrozen semen at body temperature. The poor results with frozen semen suggest that the immature reproductive tract may be hostile, since frozen semen is used successfully in mature cattle.
So far the continued development of calf embryos cultured in vitro or transferred to recipients has been poor, although it has been as satisfactory as for embryos recovered in a comparable stage of development from cycling heifers. We have had only one live calf (Seidel et al, 1971b) following transfer of calf embryos.
The ability of the prepuberal calf to sustain reproduction without assistance of a foster mother does not seem to have been investigated. In ovulated or superovulated calves the CL's eventually regress (Casida et al, 1943; Spilman et al, 1970) without substantial evidence of further cyclic behavior. Following PMSG-LH therapy a massive amount of luteal tissue forms when there is true superovulation. Plasma progesterone may exceed 100 ng/milliliter. The progesterone level falls sharply by 18 days after LH injection.
Pituitary LH was depleted by superovulation and associated changes. It remained low during a 30-day period following ovulation. Plasma LH also remained low. One animal showed one high LH value, and we don't know whether this was an LH peak, as found in cyclic animals, or a spurious value.
The repeated induction of ovulation poses a problem with the reported formation of antibodies to gonadotropins (Jainudeen et al., 1966a; . Possibly estradiol treatment to induce endogenous release of LH would be helpful in the induction of ovulation, or the use of LH releasing factor might be practical when supplies become plentiful.
From the collective studies on young calves it is clear that they may be ovulated at about 1 month of age. The response to gonadotropins increases rapidly with age, and at 2 months of age a good yield of fertilized ova can be obtained. The ability of the slightly prepuberal calf to maintain pregnancy following induced ovulation apparently has not been examined, but it is unlikely that small heifers could sustain pregnancy, at least on a practical scale.
Sheep
To increase the lamb crop considerable attention has been paid to the sexually mature anestrus ewe (Foote, 1970; Hulet and Foote, 1967) , but little attention until recently has been given to the prepuberal ewe lamb. As in cattle, oogenesis is initiated in fetal ovaries (Mauleon, 1967) . Follicles are present in the neonatal period, and thus prepuberal lambs have the possibility of responding to exogenous gonadotropin. Age at puberty is highly variable and is somewhat dependent upon the season of the year born. Mansour (1959) administered (1) 1,000 IU of PMS s.c, (2) 12.5 mg of progesterone i.m. 2 X daily for 5 days followed by 1,000 IU of PMS 48 hr. later, or (3) 1,000 IU of PMS followed 96 hr. later with 500 IU of HCG i.v. to lambs from 1 to 22 weeks of age. There was no response at 1 week but by 4 weeks of age follicle stimulation occurred. Ovulation was induced at 8 weeks with a combination of PMS and HCG and in all groups by 16 weeks of age. Mansour attributed the failure of ovulation in young groups not receiving HCG to a deficiency in endogenous LH in the younger lambs. Fertility results were nil. Frozen semen deposited intravaginally was used, which could account for the failure to obtain fertilization. Land and McGovern (1968) conducted a similar experiment with slightly different combinations and levels of progesterone, PMS or HCG. The lambs were 50 days old. In this case 0.1 ml of undiluted liquid semen was deposited into the uterine horn via a laparotomy. Seven of 15 eggs recovered from the horn into which semen was deposited were cleaved, but none in the opposite horn were fertilized. Burfening and van Horn (1970) gave lambs 11 to 12 months old 1 mg of estradiol-17/3 on day 1, 1 mg CAP per head per day from day 2 to 14 and then 800 IU PMSG i.m. on either day 13, 14, 15 or 16 (table 6). Treatments containing PMS caused estrus during the anestrus season. When the animals were laparotomized 35 days after the last estrus, most were found to be pregnant. At 11 to 12 months of age these lambs may have been essentially sexually mature. Estradiol priming decreased ovulateon rates and increased estrus and fertilization rates, as reported by Foote and Bennett (1968) . The latter workers administered progesterone for 14 days with various combinations of estrogen priming and PMS to lambs 5 and 8 months old. The most effective treatment was as follows: Day 1, 1 mg estradiol-17/3; Day 1-14, 12 mg progesterone 2 x daily; Day 16, 600 IU of PMS. This treatment caused 50% of the 5-month old ewes to come into estrus and 90% ovulated. At 8 months of age 87% were in estrus, 90% ovulated and 60% were pregnant 25 days after treatment. Foote and Matthews (1969) subsequently treated lambs 7.5 months old. A treatment similar to the best one used previously caused 100%; of the animals to ovulate and 81% were pregnant 25 days later. A majority of these pregnant females lambed at about 12 months of age (W. C. Foote, personal communication) .
Under proper management a Riera et al. (1970a) confirmed the previous studies of maximum response with an estradiol-progesterone-PMS sequence. Administration of steroids after PMS lowered the conception rates. The studies by Riera et al. (1970b) and Squires et al. (1971) indicated that plasma LH was elevated within 8 hr. after estradiol-17j3 treatment and rose more slowly following PMS or HCG administration.
Thus, it is clear that prepuberal lambs are responsive to exogenous hormones, ovulate and can become pregnant. The success rate is dependent upon treatment schedules and age of the lambs, but the ability of the prepuberal lamb at different ages to sustain a complete pregnancy has not been thoroughly evaluated.
Swine
As with other species, age at puberty is affected by breeding and management systems, but generally occurs when gilts are about 200 days old. Oogenesis, as in cattle and sheep, is essentially complete at birth (Mauleon, 1967) . Casida (1935) observed only primary follicles in pigs until about the seventh week of postnatal life when secondary follicles appeared. Bhalla et al. (1969) reported many secondary follicles at 42 days of age. Vesicular follicles were first encountered during the 11th week. Treatment with exogenous gonadotropins did not cause ovulation until vesicular follicles were present. The youngest animal tested that responded was 107 days old. Dailey et al. (1969) found vesicular follicles in all ovaries removed from pigs at 65 days of age. There was a considerable increase in number of follicles 3 to 6 mm in diameter by 170 days of age, while the ovaries more than doubled in size from 65 to 170 days. None of the gilts had ovulated prior to 170 days. Pituitaries also more than doubled in size between 65 and 170 days. A breed difference was found. A considerable quantity of LH was present in the pituitaries of 65-day old gilts and FSH concentration was similar in gilts 65 and 170 days old. Circulating levels of gonadotropins were not reported.
Stimulation of ovulation by injecting PMS and HCG has been tried by many researchers. Recent work has confirmed the earlier studies by Casida (1935) that before 100 days of age it is generally not possible to induce ovulation (P. J. Dziuk, unpublished; C. E. Pope and B. N. Day, unpublished; Majerciak et al, 1970) . Follicular development in response to gonadotropins is limited and ovulation and fertilization rates are low. Recovery rates for embryo studies also may be markedly influenced by age of the donor. Majerciak et al. (1970) reported from 4 to 10% recovery rates from gonadotropin-treated gilts 70 to 103 days of age and 50 to 73% recovery rates from gilts 132 to 167 days old. Dziuk (1964) treated gilts 5.5 to 6 months of age with 250 to 500 IU of PMS and HCG in equal quantities.
Although fewer than half of the gilts exhibited estrus, 67 to 75% ovulated. Only 8% of the gilts had a second estrus in about 21 days, indicating that cyclic behavior was not usually initiated. Du Mesnil Du Buisson (1954) treated gilts weighing 75 to 100 kg with gonadotropins; 18/20 ovulated and 67% of the eggs were cleaved. Dziuk and Gehlbach (1966) treated gilts 95 to 130 days of age weighing 36 to 58 kilograms. From the examples shown in table 7 it can be seen that gilts 100 days old or over were stimulated to ovulate, and following mating or insemination 68% of the eggs over all treatments were cleaved. Most gilts (91%) had a swollen pink vulva following treatment and 43% showed typical symptoms of estrus 24 hr. after HCG treatment. The uterine horns enlarged more than three-fold with treatment. A similar uterine enlargement Majerciak et al. (1970) . None of the gilts showed estrus 21 days later. There was evidence of pregnancy 23 days later (3 out of 18 gilts), but no young were farrowed. Had any gilts farrowed they would have done so at about the time contemporaries reach puberty and started to cycle. In an extension of these studies Baker and Coggins (1968) administered PMS and HCG to gilts 154 to 180 days old and inseminated them with> 10 x 10 9 spermatozoa in 100 ml of undiluted semen 24 hr. after HCG (table 8). All gilts ovulated. Cleavage rate of eggs varied from 34 to 54%. Of the cleaved eggs 76% were undergoing normal development 40 to 64 hr. after insemination, 6% were polyspermic, 4% were fragmenting and 7% were immature. There was a linear relationship between PMS dosage and ovulation rate. Schwartz, Robison and Ulberg (1971) obtained similar results. In gilts 155 to 185 days of age pregnancy rate at 25 days of gestation varied from 20 to 100% with the average number of embryos per sow ranging from 4.0 to 4.6. Ellicott, Dziuk and Polge (1969) attempted to maintain pregnancy in gilts starting at 3 to 4 months of age by administering progestins. In a group receiving ethynyl estradiol plus 6-methyl-17-acetoxy progesterone (MAP) or melengestrol acetate (MGA), 8 out of 24 were pregnant 30 days after insemination. Five of these farrowed 5 or 6 pigs each. Neville, Scanlon and Macpherson (1971) report that 140-day old gilts (60 kg body weight) given 100 IUofPMS and 500 IU of HCG, inseminated and then injected i.m. with 150 mg of progesterone every 10 days for 70 days starting on day 19 produce some young. Four of 15 gilts so treated farrowed an average of 6.5 piglets (range 3 to 8). Controls not given progesterone returned to estrus 20 to 23 days after insemination. Thus conception is possible in the hormonally stimulated markedly prepuberal gilt, but maintenance of pregnancy has been only marginally successful until the female initially has more nearly developed the conditions associated with sexual maturity.
There is interest commercially in the feasibility of producing pigs from gilts at an early age through hormone therapy, thus decreasing the generation interval and increasing pigs produced per year per breeding female. No data have been reported on the economics of such a venture.
Summary and Conclusions
1. In cattle, sheep and swine oogenesis occurs early in life. Antra, which appear to be a prerequisite for ovulation, are present neonatally in cattle and sheep and found in swine at 2 to 3 months of age.
2. Tertiary follicles can be stimulated by administration of gonadotropic hormones (FSH, PMS, LH, HCG) and ovulation induced in calves by 1 month of age, lambs by 2 months and swine at about 3 months of age.
3. Fertilization rates are low in the prepuberal animal with frozen semen. The placement of fresh semen into the uterus may improve conception rates markedly.
4. Ovulatory response, fertilization and embryo recovery rates often are highly variable.
5. Prepuberal females stimulated to ovulate appear to secrete estrogen (show estrus) and corpora lutea formed secrete an abundance of progesterone. The pituitary glands contain considerable amounts of FSH and LH. Nevertheless such females usually do not continue to cycle after the induced ovulation.
6. Although not specifically studied, prepuberal cattle appear to be too small physically to sustain pregnancy were it initiated prepuberally.
7. Pregnancy initiated in prepuberal lambs and gilts has resulted in the birth of live young at a rate below that expected for sexually mature females. At some point as puberty approaches in the pig and anestrus lamb precocious induction of pregnancy may have an economic advantage.
8. It is necessary that a more complete profile on the endocrine balance and histological development of the sexually mature animal be obtained in order to hasten these events by treatment. 
DISCUSSION

Question: K. Inskeep
What do you see as the future emphasis in this area-will releasing factors be used to produce controlled ovulation or superovulation experimentally or practically?
R. H. Foote: An inexpensive method is needed, and one that will not lead to future complications such as antihormone formation. Administration of releasing factors, once they become readily available, or estradiol might be used to stimulate release of endogenous LH. Once the pattern in the normal fertile mature animal is known, it should be possible to induce this pattern prepuberally in certain species. Superovulation would appear to have some application when coupled with embryo transfer.
Eric Bradford: An additional source of variation in the age at which you can get eggs from animals is genetic variation. I am thinking of the Finnish Landrace sheep and some similar breeds with puberty as early as 3 months. There has been recorded at least one case of an ewe that lambed for the second time in 14 months. So, if one's objective is simply to get eggs for some kinds of research where the genotype is immaterial, this offers a means of getting them at a very early stage.
W. D. Foote:
I might respond to a comment where you wondered if ewe lambs with pregnancy induced prepuberally would continue to parturition. The animals we worked with were diagnosed pregnant at 25 days. They did complete pregnancy and produced normal lambs. Some of the ewes diagnosed pregnant at 25 days failed to lamb indicating fetal loss between 25 days and parturition. Ewes properly cared for also were able to take proper care of their lambs.
Question: R. H. Foote
What age were these lambs treated?
W. D. Foote: They were treated at 7 to 7.5 months of age and lambed at 12 to 13 months of age.
Question: B. Day
I believe that one of the earlier reports from your laboratory showed a rather high frequency of heifers in which there were apparently two sets of corpora lutea. One set was somewhat advanced in age and the other set resulted from the injection of LH. I'm wondering if these conditions still exist with treatments you are using currently.
R. H. Foote:
Yes, sometimes this does happen. PMS alone may induce several ovulations in the prepuberal heifer. These may occur before LH injection in the PMS-LH sequence and the resultant progesterone interferes with fertilization. The probability of premature ovulation may be reduced by priming with estradiol to reduce the number of large follicles on the ovary which ovulate in response to PMS treatment. The treatment is not effective in all cases.
